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Development o f a Test fo r  Isometric Strength of F latten ing of the
Lumbar Curve During Posterior Pelvic T i l t  in the Standing Position  
(53 pp.)
D irector: Dr. Kathleen M i l le r
This study developed a tes t to measure the isom etric strength of  
f la t te n in g  of the lumbar curve during posterior pelv ic  t i l t  while  
standing. The tests which are in general use examine f lex ion  and 
extension o f the upper body, involving the thorax and large muscles of 
the trunk. However, tests of motions which use more specific  tests have 
been useful in pinpointing strength d e f ic i ts  among low back pain 
patients. This strength te s t did not involve the thorax and measured 
the torque exerted in a posterior d irec tion  by the lumbar area, w ith  the 
thorax held stationary.
Following testing  of 30 male volunteers who performed f iv e  t r i a ls ,  the 
r e l i a b i l i t y  and v a l id i ty  of the te s t were investigated. Calculation of 
the Treatments by Subjects analysis of variance found a s ig n if ic a n t  
d ifference (£ = .0001) among subjects. Day-to-day r e l i a b i l i t y  of a 
subsample indicated scores were stable (Spearman Rho rank order 
c o e ff ic ie n t  = .80 to 1.00). Results of the in te r te s te r  r e l i a b i l i t y  
study of a separate sample of 5 subjects, each of whom was tested by 
three tes ters , were evaluated using Kendall's c o e ff ic ie n t  of concordance 
(W = .83 to .97).
V a l id ity  of the te s t  was supported by comparison of the torque values 
which were generated during the strength te s t w ith  those reported in 
another te s t  of trunk strength. In addition, the v a l id i ty  was supported 
by the data which showed th a t the strength scores tended to d i f f e r  among 
subjects in accordance with th e ir  lumbar spinal m o b ility  and with th e ir  
h is tory  o f low back pain. The te s t was concluded to be re l ia b le  and 
su itab le  fo r  c l in ic a l  use in testing persons recovering from low back 
problems and fo r research use in ide n tify in g  pred ictive  factors fo r low 
back in jury .
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Introduction
The development o f a te s t  of isom etric strength o f f la t te n in g  of 
the lumbar curve during posterior pelvic t i l t  w hile  standing involved 
measuring the a b i l i t y  of the low back to exert torque in a posterior  
direction . This a b i l i t y  is an important aspect of lumbar s t a b i l i t y  
because the low back encounters many forces in an an terio r d irection  
which must be neutralized. For example, forward moments are encountered 
when weight is l i f t e d  (Ekholm, Arborelius, & Nemeth, 1982; Marras, King, 
& Joynt, 1984). S ta b i l iz a t io n  of the lumbar spine has been seen as a 
crucial component of l i f t i n g  (Davis, Troup, & Gurnard, 1965; Grieve, 
1974).
The torque exerted during f lex io n  and extension of the lumbar spine 
has been widely tested. Tests have been directed toward iden tify in g  
weaknesses which may lead to in ju ry  (Biering-Sorensen, 1984; Chaffin, 
Herrin, & Keyserling, 1978) and toward ide n tify in g  strength d e f ic i ts  
among back pain patien ts  (Addison & Schultz, 1980; Hasue, Fujiwara, & 
Kikuchi, 1980; Hemborg, M oritz , Hamberg, Holmstrom, Lowing, & Akesson, 
1985; M cNeill, Warwick, Andersson, & Schultz, 1980; Nachemson & Lindh, 
1969; Nicolaisen & Jorgensen, 1985; Thorstensson & Arvidson, 1982).
Tests in general use have examined f lex io n  and extension of the 
upper body, involving the thorax and re c ru it in g  large muscles of the 
trunk. However, tests of motions th a t used a v a r ie ty  o f p ivot points 
were useful in locating d ifferences in strength between low back pain 
patients and healthy subjects (Thorstensson & Arvidson, 1982).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Analysis of the d irec tio n  of the in te rvertéb ra l jo in t  motion and of 
the d irec tion  of torque shows th at the te s t of f la t te n in g  o f the lumbar 
curve during posterior pelvic t i l t  w hile  standing d if fe rs  from both 
tests  o f f lex io n  and of extension which involve the thorax. Although 
the in te rv erté b ra l jo in t  motion is th a t o f lumbar f lex io n , i t  d i f fe rs  
from f lex io n  tests which involve the thorax because pelvic t i l t  does not 
a f fe c t  the thorax (Day, Smidt, & Lehmann, 1984). As a re s u lt ,  i t  
measures torque exerted in a posterior d irec tion  during f lex ion  o f the 
spine, while  other f lex io n  tests measure torque exerted in an an ter io r  
d irection . I t  d i f fe rs  from tests o f spinal extension which involve the 
thorax, because, although both measure torque exerted in a posterior  
d irec tio n , the in te rvertéb ra l jo in t  motion is opposite (see Figure 1).
Several studies have shown the usefulness of tests of isometric  
strength in d i f fe re n t ia t in g  back pain patients from healthy subjects, 
but have reported th at a portion of the sample could not take part in 
the te s t ,  e ith e r  because of the amount of strength required or because 
of pain (Biering-Sorensen, 1984; Hasue e t  a l . ,  1980). In contrast to 
such tes ts , the te s t  o f f la t te n in g  of the lumbar curve does not require  
a p a rt ic u la r  threshold of strength fo r  p a rt ic ip a t io n  because the subject 
controls the amount of torque exerted. Caution is  necessary in 
isom etric tests, however, because tolerance fo r  the tes t may be low fo r  
persons who do not use correct breathing techniques to avoid the 
Valsalva maneuver, and who experience a resu lting  increase in blood 
pressure or decrease in cardiac output (Adamovich, 1984).
In th is  tes t o f trunk strength, torque was produced by the muscles
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
$
Direction of Torque 
Direction of Joint Motion
V N
Flexion With 
Thoracic 
Involvement
Flexion Without 
Thoracic 
Involvement
Extension With 
Thoracic 
Involvement
Figure 1. E ffec t o f thoracic involvement on the d irection  of torque and 
on the type of in te rv erté b ra l jo in t  motion during lumbar flex ion  and 
extension.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
which t i l t  the pe lv is  posterio rly . The muscles involved in the action  
of the posterior pe lv ic  t i l t  included the abdominal muscles (the 
external obliques, the in terna l obliques, and the rectus abdominis) and 
the posterior pelvic muscles (the hamstrings and the gluteus maximus) 
(Lindh, 1980; Partridge & Walters, 1959; Wells, 1966). In addition, 
several researchers have suggested that ce rta in  muscles, including the 
sacrospinalis and the m u lt if id u s , may apply p o s terio rly  directed force 
to the vertebrae themselves, p a r t ic u la r ly  during l i f t i n g  (Farfan, 1973; 
McGill & Norman, 1986).
In addition to the musculature which provides dynamic s t a b i l i t y  to 
the spine, the structural in te g r i ty  o f the lumbar spine is provided by 
the configuration of the in te rv erté b ra l jo in ts ,  the discs, ligaments, 
and fascia. In the normal healthy spine, the in te rvertébra l jo in ts  move 
f re e ly  in f lex io n  during posterior pelv ic  t i l t  (Day e t  a l.,  1984). 
However, jo in t  disease can in te r fe re  w ith  lumbar f lex io n  (Macrae & 
Wright, 1969).
The contribution of the disc in in te rvertébra l jo in t  s t a b i l i t y  does 
not appear to be important in i n i t i a l  f lex io n . I ts  importance increases 
in the mid-range of f lex io n  (Adams, Hutton, & S to tt ,  1980). Certain  
researchers have held that ch a rac ter is tics  of the disc such as 
degeneration or varying height a f fe c t  jo in t  s t a b i l i t y  (Adams e t  a l . ,  
1980; Farfan, 1973), while  others have found no consistent e f fe c t  
(Nachemson, Schultz, & Berkson, 1979).
Among the ligaments, the ligamentum flavum, which is highly e la s t ic  
(Nachemson & Evans, 1968), appears to be the only source of ligamentous
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jo in t  s t a b i l i t y  in  the i n i t i a l  range o f f lex io n . Other ligaments are 
not brought into  play u n t i l  la te r  in  f lex io n  (Adams e t  a l , ,  1980; Lindh, 
1980). Controversy ex ists  concerning the importance of the lumbodorsal 
fascia  in supporting the lumbar spine. Adams e t  a l. (1980) suggested 
th a t i t  plays a major ro le , w hile  McGill and Norman (1986), a minor 
ro le .
The torque applied in a posterio r d irec tion  during f la t te n in g  of 
the lumbar curve appears to be re la ted  to muscular torque applied e ith e r  
so le ly  through posterior p e lv ic  t i l t ,  or in conjunction with force 
applied d ire c t ly  to the vertebrae. The ro le  o f  the structures which 
maintain the in te g r i ty  o f the spine may be affected by several factors. 
Vertebral m o b il ity  may be affected  by in te rv erté b ra l jo in t  disease. 
Characteristics o f the discs, the condition of the ligamentum flavum, 
and action o f the lumbodorsal fascia  may also a f fe c t  the in te g r ity  of 
the spine.
Statement o f the Problem
The purpose of th is  study was to develop a te s t  o f isometric  
strength o f f la t te n in g  of the lumbar curve during posterior pelv ic  t i l t  
w hile  standing and to evaluate the r e l i a b i l i t y  and v a l id i ty  of the test.
Although tests using varying p ivot points to measure trunk strength  
have been useful in id e n tify in g  strength d e f ic i ts  among low back pain 
patien ts , no tests have been developed which exclude the thorax. 
Exclusion of the thorax resu lts  in a unique te s t because i t  d if fe rs  in 
the in te rvertéb ra l jo in t  motion and the d irec tio n  of torque from both
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
tests  of f lex ion  and o f extension which involve the thorax.
The measurement of torque in th is  te s t  is important because i t  
measures torque in a posterior d irec tio n , which acts to neu tra lize  the 
forward torque encountered in l i f t i n g .  The a b i l i t y  to re l ia b ly  measure 
the isom etric strength of f la t te n in g  of the lumbar curve during 
posterior pelv ic  t i l t  w hile  standing may prove useful to c l in ic ia n s  
because i t  may give ind ication  of the condition o f the muscles, jo in ts ,  
discs, and fascia which provide s tructura l in te g r ity  to the low back.
Del im itations
The study involved performance of the te s t  by males, age 14-68, 
whose leg length a t  the greater trochanter was less than or equal to 91 
cm. Generalizations resu ltin g  from th is  study apply to males with  
s im ila r  characteris tics .
Lim itations
1. Day-to-day r e l i a b i l i t y  and in te r te s te r  r e l i a b i l i t y  studies 
involved small numbers of subjects.
2. Tests which involved comparisons of portions of the sample 
involved small numbers o f subjects.
3. Certain subjects were not able to complete the tes t.
Assumption
1. Subjects gave maximum e f fo r ts  during the tests of maximum 
isom etric strength.
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Methodology
Subjects
P i lo t  study. Four male volunteers, age 32-40, took part in the 
p i lo t  study.
Main Back Strength Test (BST) study. T h ir ty  male volunteers took 
p art in  the same-day, same-tester study. Four o f the same-day, same- 
te s te r  study subjects were retested in the day-to-day r e l i a b i l i t y  study.
Partic ipants ' ages ranged from 14-68. The f i e ld  of volunteers  
included men of varying age and a c t iv i ty  levels. Men were in e l ig ib le  
whose leg length was greater than 91 cm a t the greater trochanter, which 
was the maximum height o f the axis of the apparatus. Subjects who 
missed three testing appointments were omitted from the study.
Five additional male volunteers, age 23-32, were tested in the 
in te r te s te r  r e l i a b i l i t y  study.
Testing Procedure
The protocol was reviewed by the U niversity  o f Montana 
In s t itu t io n a l  Review Board in order to protect the subjects' safety and 
privacy. Informed consent was obtained from each subject (Appendix A).
A confidentia l in terv iew  to obtain a h is tory  o f low back pain which 
had affected  a c t iv i ty  levels  was done. The in terv iew er asked whether 
the fo llow ing  a c t iv i t ie s  had been reduced or had required assistance 
because of low back pain: l i f t i n g ,  s i t t in g ,  standing, tra ve lin g ,
walking, sleeping, social a c t iv i t y ,  or putting on footwear. Subjects
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id e n t i f ie d  the s ites  o f low back pain on a drawing. The s ites  included 
seven areas: (A) f i r s t  to th ird  vertebrae and s o ft  tissue, (B) fourth
and f i f t h  vertebrae and so ft  tissue, (C) sacrum and coccyx, (D,E) l e f t  
and r ig h t  flanks, and (F,6) l e f t  and r ig h t  g luteal areas. The subject 
reported the time of the la s t  experience of low back pain.
Id e n t i f ic a t io n  o f spinal s ites . With the subject standing in  
natural posture and w ith  fe e t  comfortably apart a t  shoulder width, s ites  
on the spine were located and marked w ith  a w ater-soluble marker. Sites  
included the spinous processes of the seventh cervical (C7) and the 
six th  thoracic (T6) vertebrae; the in te rv erté b ra l jo in ts  between the 
fourth  and f i f t h  lumbar vertebrae (L4L5) and between the f i f t h  lumbar 
and f i r s t  sacral vertebrae (L5S1); and points 5 cm above and 10 cm below 
L5S1. The distance from the h a ir l in e  to C7 was recorded.
The id e n t i f ic a t io n  of the spinal s ite s  was documented by applying 
an arch itec t's  f le x ib le  ru le r  to the spine and shaping i t  to reproduce 
the spinal curves. The spinal s ites  were then marked on the ru le r . A 
tracing o f the curves and the spinal s ite s  was made and kept w ith the 
subject's records.
Modified Schober Test. The Modified Schober Test (Macrae & Wright, 
1969) was performed as a te s t  o f lumbar spinal m obility . The tes t  
measured the distance between two s ites  which were 15 cm apart when the 
subject stood in natural standing posture and which became fu rth e r  
apart during lumbar flex io n .
The subjects were instructed to bend forward from the hips as fa r  
as possible. The distance between the s ites  marked 5 cm below and 10 cm
8
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above L5S1 was remeasured in the flexed position. The tes t was done 
three times and the mean o f the three t r i a ls  was recorded as the 
distance in the flexed position. The Modified Schober Test score was 
recorded as the flexed distance minus 15 cm (Macrae & Wright, 1969; 
Moran, H a ll ,  & Ansel 1, 1979).
Maximum isometric te s t  o f f la t te n in g  of the lumbar curve during 
posterior pelvic t i l t .  Subjects were tested fo r  the maximum isometric  
strength of f la t te n in g  of the lumbar curve during posterior pelvic t i l t .  
This Back Strength Test (BST) was performed w hile  standing erect w ith  
fe e t  shoulder-width apart.
The subject's back was braced against two horizontal supports. The 
supports were constructed of I k  in. (3.2 cm) wood doweling, adhered to a 
base which was concave on one side and f l a t  on the other. The f l a t  
surface was covered w ith  Velcro® fo r  attachment to the f e l t  backboard. 
The horizontal supports were placed a t a level o f T6 and a t  5 cm below 
L5S1. The subject was braced 4 cm away from the backboard by the 
supports. A canvas b e l t  was placed securely around the arms and chest 
a t  the T6 level. A second was secured an te r io r  to the lower legs, ju s t  
below the knees (see Figure 2).
Isometric torque was measured by the Cybex 13® dynamometer with  
Dual Channel Recorder. The protocol fo r  Cybex I I  use, outlined in  
Iso la ted -Jo in t Testing Exercise (Cybex, 1983), was adapted to the BST.
The Cybex was oriented facing the r ig h t  side o f the subject, w ith  
the fulcrum of the lev er arm (the axis o f the Cybex) at the greater  
trochanter o f the r ig h t  femur. The short input adapter of the Cybex was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Support Dowel 
Bracing Belt
-T ,
L̂ Ls 
(Lever Arm)
5 cm 
Below 
LsS, ,
jGreater Trochanteri 
1 (Fulcrum)
Posterior ViewSide View
Figure 2. Positioning of the subject, fulcrum and lever arm of 
apparatus, support dowels, and bracing be lts .
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connected to the shoulder testing  accessory. The horizontal bar of the 
shoulder tes ting  accessory was positioned across the back of the subject 
a t  the le v e l  o f  L4L5.
In order to ensure th a t each t r i a l  involved s im ila r  positioning, 
the angle o f the lever arm which reached from the fulcrum a t  the greater  
trochanter to the horizontal bar resting  against the low back a t  L4L5 
was standardized to the angle used in the f i r s t  t r i a l  o f the f i r s t  tes t  
(see Figure 3). This angle was designated the deflec tion  angle. The 
accuracy o f the angle was maintained w ith in  one minor d iv is ion on the 
recording graph paper, equal to 3®, on a l l  subsequent tests. On the 
Dual Channel Recorder, the deflec tio n  of the position angle stylus away 
from i ts  position when the lever arm was v e r t ic a l  re fle c te d  the testing  
position (see Appendix B, Standardization o f Position Angle).
When tests were repeated on ind iv iduals  during day-to-day and 
in te r te s te r  protocols, the deflection  angle, shoulder testing accessory 
length, and height o f the axis of the Cybex used in the orig inal tes t  
were duplicated. In addition, the tracing of the o rig in a l spinal curve 
w ith  s ites  marked, which had been recorded during the f i r s t  te s t ,  was 
transferred to the a rch itec t's  f le x ib le  ru le r ,  and the s ites  were then 
marked on the subject's back. Accuracy in using the s i te  o f C7 as the 
anchor point from which to measure the other s ites  was enhanced by 
measuring the distance from the h a ir l in e  to C7, which had been recorded 
in the o r ig in a l tes t.
Instructions to subjects. Standardized instructions in producing 
the isom etric maximum e f f o r t  during posterior pelvic t i l t  by pressing
11
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Figure 3. Deflection angle in re la t io n  to the ve rt ica l and to 
anatomical s ites .
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the lumbar area against the lever arm were given (see Appendix C, 
Standardized Instructions to Subjects). During the tra in in g  attempts, 
the subjects were allowed to view the movement o f  the torque channel 
stylus of the Dual Channel Recorder to observe th e ir  success in exerting  
torque upon the tes ting  machine bar.
Subjects were required to maintain a standardized form in producing 
the isom etric  e f fo r t .  The upper back was required to remain v e r t ic a l ,  
braced against the dowel a t  T6. The lower back stayed against the lower 
dowel located 5 cm below L5S1. Feet remained f l a t  on the f lo o r. During 
the tra in in g  attempts, verbal feedback was given to subjects to help 
them maintain the proper form.
P i lo t  Study Format
The p i lo t  study took place in the Physical Therapy Department of 
St. Patrick Hospital, Missoula, MT. C a lib ra tion  of the Cybex I I  
dynamometer w ith  Dual Channel Recorder was maintained by the hospital's  
physical therapy s ta f f .  No s ig n if ic a n t  corrections were necessary 
during the p i lo t  study. Informed consent and an interview to obtain a 
h is tory  o f low back trouble were completed. Id e n t i f ic a t io n  o f spinal 
sites  and the Modified Schober Test were then performed.
Following positioning of the subject and apparatus and 
adm inistration o f the standardized ins truction s, the p i lo t  subjects 
performed the maximum e f f o r t  10 times w ith  60 s between t r ia ls .
Following each t r i a l ,  the s ta rt in g  positions of the deflection  angle and 
torque baseline were reestablished. The bracing belts  were checked fo r
13
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tightness every three t r i a ls .  Subjects were permitted to view the 
stylus which recorded the torque.
Back Strength Test Study Format
Main Back Strength Test study format. The main BST study used the 
f a c i l i t i e s  o f the Physical Therapy Department o f Missoula Community 
Medical Center. The professional s ta f f  of the department performed the 
c a lib ra t io n  o f the Cybex I I  w ith  Dual Channel Recorder. No c a lib ra t io n  
was necessary during the main study, including the same-day, same- 
te s te r ;  day-to-day; or in te r te s te r  studies. No ca lib ra t io n  was 
necessary between repeated tests  o f individual subjects in the day-to-  
day or in te r te s te r  studies.
The format o f the adm inistration of the informed consent, h istory  
in te rv iew , id e n t i f ic a t io n  of spinal s ite s ,  positioning, and 
standardization instructions was the same as th a t of the p i lo t  study. 
During the main study, a to ta l of f iv e  t r i a l s  in correct form were done, 
with 60 s between t r i a ls .  Subjects were permitted to view the stylus  
only during the f i r s t  3 t r ia ls .  During the fourth and f i f t h  t r i a ls ,  
visual feedback from the stylus was prevented. T r ia ls  performed with  
incorrect form were excluded. Verbal feedback concerning the required  
form was then given and the t r i a l  was repeated u n t i l  f iv e  t r i a ls  in 
correct form were obtained fo r  each of the subjects.
Day-to-day r e l i a b i l i t y  study format. For the day-to-day 
r e l i a b i l i t y  study, 4 subjects were retested one week a f te r  th e ir  i n i t i a l  
tes t ,  using the same methodology. Each received a b r ie f  review of the
14
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standardized instructions before the second set o f t r ia ls .
In te r te s te r  r e l i a b i l i t y  study format. The author trained three 
regis tered  physical therapists  using the Retest Protocol (Appendix D), 
Standardized Instructions to Subjects (Appendix C), and Methodology, and 
demonstrated the apparatus to the testers . Each subject was tested  
three times on the same day by two testers  and the author. Steps of the 
methodology duplicated by each te s te r  included id e n t i f ic a t io n  of spinal 
s ite s ,  positioning of the apparatus, ins truction  of the subjects, and 
adm inistration of the BST w ith  screening o f incorrect form. Testers 
were not permitted to view the tests or the resu lts  o f other testers.
S ta t is t ic a l  Treatment o f the Data
To id e n t i fy  the influence of repeated t r i a ls  on performance, 
descrip tive s ta t is t ic s  were used to characterize the data o f the 4 
p ilo t-s tu d y  subjects. The Treatments by Subjects analysis of variance 
(ANOVA) ava ilab le  in the S ta t is t ic s  w ith  Finesse software fo r  Apple® 
computer by Bolding (1984) was used to id e n t i fy  differences among and 
between subjects.
Descriptive s ta t is t ic s  were used to compare charac teris tics  o f  the 
sample o f 30 volunteers to those o f a sample o f 928 subjects studied by 
Biering-Sorensen (1983) in s im ila r  research. The purpose was to 
ascertain whether the volunteer sample resembled a sample found to be 
representative o f a community.
Systematic influence due to age, anthropometric, or apparatus 
factors was screened using the Pearson co rre la tio n  and Spearman Rho rank
15
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o rd e r c o e ff ic ie n ts .
The main BST study resu lts  were evaluated fo r  differences among and 
between subjects using the Treatment by Subjects ANOVA. Because 
differences between ind iv iduals  were expected, post hoc s ta t is t ic a l  
tests  were not computed when s t a t is t i c a l l y  s ig n if ic a n t  d ifferences were 
calculated between subjects. Descriptive s ta t is t ic s  and the _t-test fo r  
diffe rence between means were used to evaluate changes in performance 
between te s t  t r i a ls  w ith , and te s t  t r i a l s  w ithout, visual feedback.
To determine day-to-day r e l i a b i l i t y ,  due to the small sample size  
= 4), the Spearman Rho rank order c o e ff ic ie n t  was used to evaluate 
the s t a b i l i t y  of performance during re tes tin g .
In the in te r te s te r  r e l i a b i l i t y  study, determination of the 
differences among testers required Kendall's c o e ff ic ie n t  of concordance 
in evaluating the data from the testing  of the 5 subjects by three 
testers  each.
Descriptive s ta t is t ic s  and r e l i a b i l i t y  c o e ff ic ie n ts  were compared 
in order to evaluate the s t a b i l i t y  o f several t r i a l  scores to be used as 
c r i t e r io n  scores.
Evaluation o f the a b i l i t y  o f the BST to measure c l in ic a l ly  
important changes in strength was done by comparing the r e l i a b i l i t y  o f  
the c r i te r io n  scores w ith  the level o f c l in ic a l  s e n s it iv ity  needed.
V a l id ity  o f the BST was investigated by comparing the differences  
between mean strength scores obtained by groups of subjects, using the 
j t - te s t  fo r  d ifferences between means. Subjects were grouped according 
to m o b il ity  o f the lumbar spine and to h istory o f low back pain.
16
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Results and Discussion
P i lo t  Study
In order to id e n t i fy  the influence o f repeated t r i a ls  on 
performance during the p i lo t  study. T r ia ls  1-10 were compared. The 
highest scores, as shown by the mean and range o f scores, were obtained 
in the f i r s t  f iv e  t r i a ls  (see Table 1). Individual data are in Appendix 
E, Table  E-1.
Table 1. P i lo t  Study Mean, Standard Deviation, and Range of Scores 
( f t - l b )  o f Ten T r ia ls .
T ria l a M Range T ria l a M S Ü Range
1 11.3 6.80 4-18 6 10.8 5.68 3-15
2 10.3 4.86 4-15 7 11.5 7.19 1-17
3 11.0 5.23 4-15 8 10.0 6.27 2-17
4 13.8 6.02 8-22 9 12.0 5.42 4-16
5 13.3 3.77 9-18 10 12.5 6.81 3-19
®n = 4.
Scores fo r  ind iv idual subjects showed th a t learning, fa t ig u e , and 
motivation may have influenced scores (see Figure 4). Subject A 
appeared to increase scores through the f i r s t  f iv e  t r i a l s ,  then, a f te r  a 
lower score on T r ia l  6, to s ta b i l iz e ,  displaying a learning process. 
Subject B maintained a stable score throughout the 10 t r i a ls ,  w ithout
17
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displaying measurable fa tig u e  or learning. Subjects C and D displayed 
more v a r ia b i l i t y .  Subject C increased from T r ia l  1 to T ria l 4, then 
decreased through T r ia l  8, before increasing again. These results could 
ind icate  a learning curve followed by fatigue. However, w ith the 
increase a t  the 9th and 10th t r i a ls ,  i t  is  more l ik e ly  that motivation  
had tem porarily  lapsed. Subject D increased from T r ia l 1 to T ria l 5, 
then decreased, displaying evidence of fatigue.
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Figure 4. P i lo t  study scores on ten t r i a ls  by four subjects.
T r ia ls  1-5 afforded time fo r  learning e ffe c ts  to s ta b i l iz e  while  
T r ia ls  6-10 displayed v a r ia b i l i t y ,  possibly due to fatigue or decreasing 
motivation. Therefore, the f i r s t  f iv e  t r i a l s  were used fo r  the BST 
study, to minimize the e ffe c ts  o f  fa tig ue  and declining motivation.
The p i lo t  data were evaluated fo r  the a b i l i t y  of the te s t to 
d if fe re n t ia te  subjects w hile  providing stable scores fo r  individuals. 
Results o f  the Treatment by Subjects ANOVA are displayed in Table 2.
18
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There was a s ig n if ic a n t  d iffe rence among subjects (2 = .0001) w ithout 
s ig n if ic a n t  d iffe rence w ith in  each subject's performance (£  = .4448).
Table 2. P i lo t  Study Treatment by Subjects Analysis o f Variance.
Source É L SS
Variance
estimate F_-ratio £
Among 3 877.27 292.42 48.27 .0001
Within
subjects
36 218.10 6.06
Treatments 9 55.63 6.18 1.03 .4448
Residual 27 162.48 6.02
Total 39 1095.38 28.09
As a post hoc te s t  fo llow ing  the ANOVA, the Scheffe tes t was used 
to id e n t i fy  the subjects among whom the d ifferences were greatest. Two 
of the subjects were not s ig n if ic a n t ly  d if fe re n t  in strength (Subjects B 
and C), w hile  there were s ig n if ic a n t  d ifferences among the other pairs  
o f  subjects.
The means o f BST scores o f subjects who had experienced an episode 
o f acute or recurrent pain, which had caused reduced a c t iv i ty  during the 
la s t  one month or the la s t  s ix  months, were compared with the mean 
scores of those who had not. No p i lo t  subject had experienced an 
episode during the la s t  month. During the la s t  six months, only Subject 
C had had an acute episode. His mean BST score of 16.2 f t - l b  (22.0 N-m)
19
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was higher than the mean o f the other subjects, 10.1 f t - l b  (13.7 N-m). 
Although the sample is small and no conclusions can be drawn, no decline  
was observed in the BST scores fo r  the p i lo t  subject w ith  an occurrence 
o f low back pain in the la s t  s ix  months.
The p i lo t  subjects were also categorized according to th e ir  lumbar 
spinal m o b ility  as measured by the Modified Schober Test and mean BST 
scores were compared. All subjects were w ith in  1 cm of the predicted  
norm fo r  age and gender in spinal m o b il i ty  (Macrae & Wright, 1969; Moran 
e t  a l . ,  1979). Therefore, d ifferences in the BST scores were apparently 
not re f le c t iv e  o f d ifferences in spinal m o b il i ty  fo r  the 4 p i lo t  
subjects.
Main Back Strength Test (BST) Study
Using descrip tive  s ta t is t ic s ,  c h a rac te r is tic s  of the sample o f 30 
volunteers in the same-day, same-tester study were compared w ith  
ch arac teris tics  o f a sample of subjects which had been found to be 
representative o f a community in another study by Biering-Sorensen 
(1983). Biering-Sorensen had sampled 928 persons comprising 82% of a l l  
persons 30, 40, 50, and 60 years o f  age in a Denmark community. The BST 
study sampled volunteer males, aged 14-68, w ith  4 subjects (13%) under 
30 years o f age and one subject above age 60. Despite the d ifference in  
age groups between the two studies, mean height and weight were s im ila r :  
177 cm (69.7 in . )  and 78.1 kg (171.9  lb )  f o r  the BST study, and 175.2 cm 
(69.0 in .)  and 76.8 kg (169.0 lb )  f o r  the B ie r ing -S orensen  study.
A comparison of reported low back pain rates also showed
20
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s im i la r i t ie s  in the two samples. The two studies contained s im ila r  
categories to id e n t i fy  persons who had experienced reduced a c t iv i ty  due 
to low back pain. The BST study categorized persons who had experienced 
low back pain by whether the pain had caused a reduction in a c t iv i ty .
The Biering-Sorensen study contained a s im ila r  category of persons who 
had been impeded in  th e ir  d a i ly  work, including housework, due to low 
back pain. Both studies reported that 40% of the men had experienced 
low back pain which had caused reductions in  a c t iv i ty .
In regard to the incidence o f pain in a one-year period, both 
studies had s im ila r  rates. In the BST study, 30% o f the subjects 
reported that they had experienced such pain in the previous year. This 
compared w ith  a ra te  of 25% in the Biering-Sorensen study.
Caution must be observed in generaliz ing from a small sample. 
However, the s im i la r i ty  o f  the BST study sample to the la rger sample 
suggests th at the sample obtained in the BST study was not an atypical 
group in regard to height, weight, and incidence of low back pain.
Systematic influences. In order to investigate whether the 
performance on the BST was system atica lly  influenced by age, 
anthropometric, or apparatus fac tors , Pearson correlations were 
computed. Comparisons between the ind iv idua l's  mean BST score and age, 
height, weight, apparatus height to the axis, and the deflection angle 
were computed (see Table 3). Since a d e flec tion  angle which placed the 
moment arm more perpendicular to the force being exerted in a posterior  
d irec tion  could be associated w ith  higher scores (Wiktorin & Nordin, 
1986), angles closer to the v e r t ic a l ,  or 0° , might have been found to be
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associated with higher scores. However, there was not a s ig n if ic a n t  
c o rre la tio n  between any of the fac tors  and the BST scores, indicating  
th a t  there was not a systematic influence on the BST by these factors.
Table 3. Pearson Coeffic ients of Correlation (_r) o f Physical and 
Apparatus Factors with, Mean Back Strength Test Scores.
Factor r. £
Trochanter height 23 .15 .25
Height to L4L5 23 .05 .41
Deflection angle 23 .28 .07
Age 30 - .0 1 .48
Subject height 30 .18 .18
Weight 30 - .1 9 .16
Note. Mean Back Strength Test scores were fo r  T r ia ls  1-5. 
^Apparatus factors were not recorded fo r  seven subjects.
In addition, the length o f the shoulder testing  accessory of the 
Cybex apparatus, which was used as the moment arm, was analyzed because 
a longer apparatus moment arm might influence the score system atically  
and could be associated w ith  higher scores. Since settings of length 
were not continuous on the apparatus, the Spearman Rho rank order 
c o e ff ic ie n t  was calcu lated , comparing the accessory length with the 
ind iv idual's  mean BST score. The c o e ff ic ie n t ,  corrected fo r t ie s ,  was 
- .02, ind icating  th at there was no s ig n if ic a n t  systematic v a r ia b i l i t y  
produced by the length of the moment arm o f the apparatus.
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Analysis of main BST study scores. The individual data 
(N̂  = 30) fo r  the main BST study (the same-day, same-tester data) 
are in  Appendix E, Table E-2. The mean score fo r  a l l  subjects was 
11.8 f t - l b  (16.0 N-m) w ith  a standard deviation o f 5.79 f t - l b  
(7.85 N-m). Scores ranged from 1 to 26 f t - l b  (1.4 to 35.3 N-m). For 
ind iv idual subjects, the mean of f iv e  t r i a l s  ranged from 2.8 to 23.2 
f t - l b  (3.8 to 31.5 N-m) and the standard deviations from 0.45 to 2.97 
f t - l b  (0.61 to 4.03 N-m). High scores fo r  ind iv iduals  ranged from
4 to 26 f t - l b  (5.4 to  35.3 N-m).
The Treatments by Subjects analysis of variance (see Table 4) 
indicated a s ig n if ic a n t  d iffe rence among subjects, £(29, 120) = 52.37, 
£  = .0001, but not w i th in  each s u b je c t 's  t r i a l s ,  £ (4 ,  116) = 1.14,
£  = .3427. This showed th at the BST provided useful information on 
differences in strength between ind iv idua ls , w hile  maintaining  
consistency w ith in  each subject's performance. Because differences  
between individuals on strength tests were expected, post hoc
s ta t is t ic a l  tests were not performed.
Comparison of T r ia ls  1-5. Among the f iv e  t r i a l s ,  the means ranged 
from 11.4-12.1 f t - l b  (15,5-16.4 N-m) and the standard deviations from 
5.39-6 .08  f t - l b  (7 .3 1 -8 .2 4  N-m) (see Tab le  5). The means o f  a l l  the 
t r i a l s  were s im ila r ,  and, as the ANOVA showed, there was not a 
s ig n if ic a n t  d ifference in  the repeated t r i a l s  w ith in  each ind iv idual's  
performance compared to th a t among ind iv iduals .
In order to compare the methods of receiving and not receiving  
visual feedback, the d iffe rence between the means of T ria ls  1-3 and the
23
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Table 4. Back Strength Test Same-Day, Same-Tester Treatments by 
Subjects Analysis of Variance.
Source SS
Vari ance 
estimate F^ratio £
Among 29 4621.57 159.36 52.37 .0001
Within
subjects
120 365.20 3.04
Treatments 4 13.77 3.44 1.14 .3427
Residual 116 351.43 3.03
Total 149 4986.77 33.47
Table 5. Back Strength Test Mean, Standard Deviation, and Range 
Five T r ia ls  During Same-Day, Same-Tester Study.
fo r
T r ia l M® Range
1 11.4 5.39 3-20
2 11.5 5.87 3-23
3 12.0 5.90 3-24
4 12.1 6.08 1-24
5 12.2 6.02 1-26
3 f t - lb .
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means of T r ia ls  4-5 was calculated. There was not a s ig n if ic a n t  
d i f f e r e n c e  between the methods, ;t = 1.25, U = 30, £  = .11.
In addition, performance in the main BST study was compared to the 
p i lo t  study to observe the e f fe c t  o f the change in feedback. In the 
p i lo t  study, no subjects performed th e ir  lowest scores on T r ia ls  4 or 5. 
The only decline from T r ia l  1 to T r ia ls  4 and 5 was a 2 f t - l b  (2.7 N-m) 
decline. In the main BST study, however, 7 subjects (23%) performed 
th e ir  lowest scores in T r ia ls  4 or 5. Most subjects followed the 
pattern described in the p i lo t  study of increasing scores and 
s ta b i l iz in g  performance in T r ia ls  4 and 5, w ith 13 subjects (43%) in the 
main study achieving th e ir  highest scores on T r ia ls  4 or 5.
Although the p i lo t  study was small in scope (£ = 4), the d ifference  
between the p i lo t  data and the main study data indicated th at in the 
main study, certa in  subjects did not maintain th e ir  performance during 
T ria ls  4 and 5. The change in method o f stopping visual feedback 
appeared to a f fe c t  these ind iv iduals .
S ta b i l i t y  o f the scores was adequate and T r ia ls  1-5 have s im ila r  
results. However, in the c l in ic a l  s e tt in g , the influence of visual 
feedback should be considered. Learning to exert maximum isometric  
strength o f f la t te n in g  of the lumbar curve during posterior p e lv ic  t i l t  
may be i n i t i a l l y  enhanced by visual feedback. However, the a b i l i t y  to 
maintain the s k i l l  w ithout visual feedback cannot be assumed, and 
additional coaching of ce rta in  ind iv iduals  may be necessary. Practice  
without feedback may increase the a b i l i t y  to generalize the s k i l l  to 
d a i ly  l i f e .
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Day-to-Day R e l ia b i l i t y  Study
The Spearman Rho rank order te s t  was used to examine the 
r e l i a b i l i t y  o f the day-to-day tes ting . The individual results fo r  the 
day-to-day r e l i a b i l i t y  study are in Appendix E, Table E-3. The 
r e l i a b i l i t y  c o e ff ic ie n ts  according to the c r i te r io n  scores were: mean
o f T r i a l s  1 -3 ,  0.80; mean o f T r ia ls  4 -5 ,  1.00; mean o f  T r ia ls  1 -5 ,  0.80; 
high score in f iv e  t r i a l s ,  0.80. While in te rp re ta t io n  of the data is  
done w ith  caution due to the small number o f subjects (r̂  = 4), the 
Spearman Rho rank order te s t  showed the protocol to be re l ia b le  in day- 
to-day tes tin g , p a r t ic u la r ly  when the mean of T r ia ls  4 and 5 was used as 
the c r i te r io n  score.
The main sources of v a r ia b i l i t y  investigated in day-to-day 
r e l i a b i l i t y  were the in terna l influences on the performance of the 
subject, such as influences on m otivation, on concentration, or on 
learning o f the s k i l l .  Most other fac tors , such as id e n t i f ic a t io n  of 
spinal s ite s  and alignment o f  the apparatus, were held constant by the 
methodology which provided fo r  systematic duplication of the orig inal  
testing conditions. In addition, use o f the same tes te r  held constant 
the v a r ia b i l i t y  due to te s te r  judgment.
Although day-to-day r e l i a b i l i t y  was good, two methodological 
elements may have increased the v a r ia b i l i t y .  F ir s t ,  the complete 
instructions to the subject were abbreviated during the re tes t which 
took place one week la te r .  Repeating the exact instructions might have 
been able to produce more r e l ia b le  resu lts  on re tes t. Second, one 
volunteer subject was included in the re te s t  while  3 subjects were
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randomly selected. Since a d if fe re n t  level o f motivation may have been 
present in  the volunteer, re s tr ic t in g  subjects during re testing  to those 
who were randomly selected might have produced a higher r e l i a b i l i t y  
c o e ff ic ie n t .
In te r te s te r  R e l ia b i l i t y  Study
In order to investigate  the in te r te s te r  r e l i a b i l i t y  of the BST, 5 
additional subjects were tested by three tes te rs , and scores were 
evaluated using Kendall's c o e ff ic ie n t  o f concordance, corrected fo r  t ie s  
(see Appendix E, Table E-4, fo r  ind ividual resu lts ). R e l ia b i l i t y  varied  
depending upon the c r i te r io n  score used, w ith  the high score in f iv e  
t r i a l s  providing the most r e l i a b i l i t y  = .97). The co e ffic ien ts  fo r  
the c r i te r io n  scores o f mean of T r ia ls  1-3, mean of T r ia ls  4-5, and mean 
of T r ia ls  1-5 were .83, .83, and .92, respectively . Although caution is  
necessary in in te rp re tin g  the data due to the small sample, the 
in te r te s te r  study showed the BST to be r e l ia b le  among testers.
Sources o f v a r ia b i l i t y  among testers  in the strength study arose 
mainly from the judgment o f  the tes ters  in screening correct form and 
from the d ifferences in teaching o f the correct form by d if fe re n t  
testers (S a f r i t ,  1976). The main influence on the BST scores which was 
tested was the judgment o f  the tes ters  in  screening correct form, since 
the influence of d i f fe r e n t  testers  in ins tructing  the subject was 
minimized by the short time between testers.
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E v a lu a t io n  o f  C r i t e r i o n  Scores
Evaluation o f c r i te r io n  scores provided information on the 
s t a b i l i t y  o f scores under varying conditions. Changes in raw scores fo r  
ind iv iduals  under the three testing  conditions (same-day, same-tester; 
day-to-day; and in te r  tes te r)  are displayed In Table 6. In addition, the 
change in the c r i te r io n  scores and the r e l i a b i l i t y  co e ff ic ien ts  of the 
day-to-day and in te r te s te r  conditions are shown in Table 7.
Table 6. Change in the Scores of Ind iv iduals  Under Same-Day, Same- 
Tester; Day-to-Day; and In te r te s te r  Conditions.
Condi tion 1
No. o f  
scores^ Change^
$ D
range^
Average^
SD
Same-Day,
Same-Tester
30 5 2- 9 0.45-
2.77
1.59 0.29
Day-to-Day 4 10 4-11 1.05-
2.82
1.94 0.97
In te r te s te r 5 15 5-14 0.71-
3.91
1.58 0.71
*Total number o f scores fo r  an in d iv id u a l.
*^Range of change among subjects throughout testing  conditions, in  f t - lb .  
CRange o f ^  among subjects.
^Average ^  among subjects.
^Standard e rro r o f  the mean.
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Table 7. Range o f Change and R e l ia b i l i t y  Coeffic ients  o f C r ite r ion  
Scores o f Individuals fo r  Day-to-Day and In te r te s te r  Conditions.
No. o f
Condition scores
M of High score 
i n
f iv e  t r i a lsT r ia ls  1-5 T r ia ls  1-3 T r ia ls  4-5
Day-to-Day 2
Change® 3-6 2-6 2- 5 2-5
R e lia b i l i ty ^ 0.80 0.80 1.00 0.80
In te r te s te r  3
Change® 3-7 4-6 3-13 2-5
R e lia b i l i ty ^ 0.92 0.83 0.83 0.97
9 f t - lb .
^Spearman Rho rank order c o e ff ic ie n t .
^Kendall's c o e ff ic ie n t  o f concordance.
In the same-day, same-tester study (see Table 6), changes in an 
ind iv idual's  scores varied less than in the day-to-day or in te r te s te r  
conditions which had introduced sources of v a r ia b i l i t y  from the passage 
of time or from te s te r  d ifferences. In the in te r te s te r  study, an 
ind iv idual's  score change ranged up to 14 f t - l b  (19.0 N-m). However, 
only in one instance did the change reach 14 f t - l b  (19.0 N-m), when a 
systematic e rro r  in  se tting  the d eflec tio n  angle was noted. All other 
changes fo r  the in te r te s te r  study in an ind iv idual's  scores ranged to 10 
f t - l b  (13.6 N-m).
The range of standard deviations of scores fo r  individuals was
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sm aller fo r  the same-day, same-tester condition. The averages of the 
standard deviations were s im ila r  in the in te r te s te r  and the same-day, 
same-tester studies.
Reporting of mean scores and high scores narrowed the range of 
change in a subject's scores, except in the in te r te s te r  study fo r  mean 
of T r ia ls  4-5 (see Table 7). R e l ia b i l i t y  in the day-to-day study was 
highest fo r  the mean of T r ia ls  4-5 and in the in te r te s te r  study, fo r  the 
high score in  f iv e  t r ia ls .
The decision on the most appropriate c r i te r io n  score, then, varies  
w ith  the use of the tes t. In a c l in ic a l  se tt in g , where the same tes te r  
could be expected to re te s t  a p atien t, the choice of c r i te r io n  scores 
does not appear to be as crucia l as when in te r te s te r  r e l i a b i l i t y  is 
involved. The mean of T r ia ls  4-5 provided adequate r e l i a b i l i t y  when 
only one te s te r  was involved in day-to-day testing . However, o ve ra ll ,  
the high score in f iv e  t r i a l s  provided the most s ta b i l i ty ,  w ith changes 
in  an ind iv idual's  score o f 2-5 f t - l b  (2.7-6.8 N-m) in both day-to-day 
and in te r te s te r  tes tin g , and w ith  the highest in te r te s te r  r e l i a b i l i t y  
c o e ff ic ie n t .
Evaluation of C lin ica l Usefulness
C lin ica l usefulness of the BST is determined by the test's  
s e n s it iv i ty  in discerning a level o f change which is c l in ic a l ly  
important and which can be distinguished from random change due to the 
test's  e rro r  leve l. Since the mean score fo r  a l l  subjects was 11.8 
f t - l b  (16.0 N-m), w ith  a standard deviation o f 5.79 f t - l b  (7.85 N-m),
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a s e n s i t iv i ty  of approximately 6 f t - l b  (8.1 N-m) is s u f f ic ie n t  to enable 
the te s t  to d if fe r e n t ia te  among persons w ith  low, medium, or high 
strength scores. Thus, 12 f t - l b  (16.3 N-m) can be considered average 
strength; and ±1 standard deviation , or 6-17.9 f t - l b  (8.1-24.3 N-m), can 
be considered medium strength; 0-5.9 f t - l b  (0-8.0 N-m), low strength; 
and 18-23.9 f t - l b  (24.4-32.4 N-m), high strength.
As the data in Table 6 show, the standard deviation of an 
ind iv idua l's  scores ranged from 0.45-2.77 f t - l b  (0.6-3.8 N-m) in  the 
same-day, same-tester study; and in the day-to-day and in te r te s te r  
s tu d ie s ,  ranged up to 2.82 (3 .82) and 3.91 (5.30) f t - l b  (N-m), 
respectively . The averages of the standard deviations fo r  a l l  three  
tes ting  conditions were less than 2 f t - l b  (2.7 N-m), w ith  a standard 
erro r of the mean of 0.29-0.97 f t - l b  (0.39-1.32 N-m). Given th is  level 
o f v a r ia b i l i t y  in day-to-day and in te r te s te r  scores, progress by an 
ind ividual through strength levels  in 6 - f t - l b  (8.1-N-m) increments of 
low, medium, and high scores can be discerned using the BST.
In addition, use o f the c r i te r io n  scores (see Table 7), 
p a r t ic u la r ly  the high score in f iv e  t r i a l s ,  increased the c l in ic a l  
usefulness of the BST. The range of change o f the high score in f iv e  
t r i a l s  was 2-5 f t - l b  (2.7-6.8 N-m). This range permits c l in ic a l  
progress from low to medium, or high, scores scores to be re l ia b ly  
measured.
C rite r io n  V a l id ity
C rite r io n  v a l id i t y  (Isaac & Michael, 1983) was explored by
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comparing the scores obtained in the BST study w ith  those obtained in 
another te s t  o f isom etric  trunk strength (Thorstensson & Arvidson,
1982). That research measured torque exerted per kilogram of body 
weight during isom etric trunk f le x io n  on a horizontal plane. The mean 
torque value during isom etric  f le x io n , w ith  the p ivot center at the 
greater trochanter, was 2.4 N-m/kg body weight.
In order to compare the Thorstensson and Arvidson study scores with  
the BST study scores, the d iffe rence in  the lengths of the lever arms in 
the two studies was considered. The lever arm in the Thorstensson and 
Arvidson study was 0.44 m, w hile  the mean lever arm length in the BST 
study was 0.20 m. Adapting the Thorstensson and Arvidson value of 2.4 
N-m/kg body weight a t a lever arm length o f 0.44 m to the mean lever arm 
length of the BST study (0.20 m), the equivalent value was 1.1 N-m/kg 
body weight. In the BST study, the mean isom etric torque during pelvic  
t i l t  was 16.0 N-m (11.8 f t - l b ) .  Adjusted fo r  the mean weight of the 
subjects of 78.1 kg (172 lb ) ,  the value o f the torque was 0.2 N-m/kg 
body weight.
The amount of torque exerted during the isometric pelvic t i l t  in 
the BST study (0.2 N-m/kg body weight) was 18% of the torque exerted at  
an equivalent lever arm length during isom etric flex ion  with thorax 
involvement in the Thorstensson and Arvidson study (1.1 N-m/kg body 
weight). The c r i te r io n  v a l id i t y  was supported since the BST, which 
prevented thorax involvement, was expected to generate less torque than 
the isom etric f le x io n  te s t  which involved the thorax and recruited a 
greater number o f muscles.
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Construct V a l id ity
Modified Schober Test. Construct v a l id i t y  was examined by 
inves tig ating  the a b i l i t y  o f the BST to d istinguish subjects based on 
th e ir  lumbar spinal m o b il ity  as measured by the Modified Schober Test. 
Subjects were grouped according to th e ir  m o b ility  scores, and the mean 
strength scores achieved by the groups were compared using the Jt-test 
fo r  d ifferences between means (see Table 8).
Table 8. Mean Back Strength Test (BST) Scores of Subjects According to 
Modified Schober Test Scores and Deviation from Predicted Modified 
Schober Scores.
Modified Schober 
Test £ M SD Range t^value £
Scores®
9 to 9.9 3 7.7 3.76 1-14
-1.51 .07
6 to 8.9 24 12.8 5.63 1-26
1.68 .05
5 to 5.9 3 7.2 2.84 4-12
Deviation from
predicted scores®
+2 to +2.9 3 7.7 3.78 1-14
-1 .54  .07
-1 to +1.9 24 12.9 5.59 1-26
-1 .8 8  .03
-2  to -1 .1 3 6.7 1.94 4-10
'em.
Two measures o f Modified Schober Test scores were used, the actual 
score (skin d is tra c tio n  minus 15 cm) and the deviation from the
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predicted score fo r  age and gender. The t - t e s t  fo r  d ifferences between 
means found th a t subjects in the central groups tended to have BST 
scores which were higher than subjects in  e ith e r  the higher or lower 
m o b il i ty  ranges. P ro b ab ility  ranged from .03 to .07.
Although the data are in terpre ted  w ith  caution due to the small 
sample, the v a l id i t y  o f the BST is  upheld by the differences in strength  
scores among persons of varying lumbar m ob ility . The group with higher 
m o b ility  had a mean BST score o f 7.7 f t - l b  (10.4 N-m), while the central 
group had a mean BST score o f  12.8 f t - l b  (17.4 N-m) [_t(25) = -1 .5 1 ,
£  = .07]. The group w ith  lower m o b ility  also d if fe re d  in strength from 
the central group in mean strength scores [jL(25) = -1.68, £  = .05].
Theore tica lly , both high and low ranges o f lumbar vertebral 
m o b ility  could be expected to a f fe c t  the a b i l i t y  to exert posterior  
force in the lumbar area during posterior pelv ic  t i l t .  Low m ob ility  
could r e s t r ic t  the posterior movement o f the lumbar curve while  
i n s ta b i l i t y  associated w ith  increased m o b il ity  could in te r fe re  w ith  the 
e ffe c t iv e  exertion of force. The l a t t e r  condition may have been a 
fac to r in the find ing  of the Biering-Sorensen (1983) study in which 
increased m o b il ity  o f the lumbar spine, as measured by the Modified  
Schober Test, was a s ig n if ic a n t  p red ic to r o f low back problems.
Although the Modified Schober Test is  useful in grouping subjects, 
i t  should be noted th a t the m o b il i ty  te s t  is  not identica l w ith  the BST. 
The Modified Schober Test is highly v a l id  as a measure of vertebral 
lumbar m ob ility . The association between the scores indicates th at one 
of the components influencing  the BST scores is  the m ob ility  of the
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lumbar spine.
History o f low back pain. Construct v a l id i t y  of the BST was 
fu r th e r  explored by investigatin g  i t s  a b i l i t y  to distinguish subjects 
based on th e ir  h is tory  of low back pain. Mean BST scores o f groups w ith  
pain were compared to those w ithout, using the j t - te s t  fo r  differences  
between means. The group of persons w ith  an acute or recurrent episode 
of low back pain, which had caused reduced a c t iv i ty  in the la s t  month 
(£  = 4) or in  the l a s t  6 months (2 = 5 ) ,  had a 1 ower mean score than the  
group w ithout pain (see Table 9). However, the d ifference was not 
s t a t i s t i c a l l y  s ig n if ic a n t .
Table 9. Mean Back Strength Test Scores o f Subjects According to 
History o f Character of Low Back Pain.
H istory o f  
low back pain £ M Range jt-value £
During la s t  month
Acute or recurrent 4 8 .8 3.5 4-19
-1 .1 9  .12
None 24 12.4 5.8 3-26
0.54 .30
Continuous 2 10.1 7.2 4-18
During la s t  6 months
Acute or recurrent 5 9.1 3.1 4-19
-1 ,23  .11
None 23 12.5 5.9 3-26
0.54 .30
Continuous 2 10.1 7.2 4-18
^Comparison o f means was between group w ith  pain and group without pain.
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Episodes of low back pain in the previous month demonstrated the 
influence o f duration of the episode on BST scores. The Pearson 
c o rre la tio n  was used to evaluate how BST scores of persons w ith  low back 
pain in  the la s t  month varied w ith  the duration of the episode fo r  the 3 
subjects who reported duration o f the episode. Correlations with  
duration were calculated fo r  three c r i te r io n  scores. The corre la tion  
and p ro b a b il ity  varied among the c r i te r io n  scores which included the 
mean o f T r ia ls  1 -3  [ r . ( l )  = - .9 7 ,  £ =  .0 7 ] ;  the mean o f T r ia ls  4 -5  
[ j r ( l )  = - .9 9 ,  £  = .0 4 ] ;  and the mean o f  T r i a l s  1-5 [ j r ( l )  = - .9 9 ,
£  = .04]. Although the co rre la tio n  is s t a t is t i c a l l y  s ig n if ic a n t ,  and 
there is  an inverse re la tionsh ip  between the duration of the episodes 
during the la s t  month and the BST scores, the small sample size must be 
considered in weighing the importance o f th is  corre la tion.
The influence of the s i te  o f  pain was examined by comparing mean 
BST scores of groups of persons w ith  h is to r ie s  o f pain in p a rt ic u la r  
s ites  to those without such pain, using the t - t e s t  fo r  differences in 
means (see Table 10). Sites id e n t i f ie d  in the study included:
(A) f i r s t  to th ird  lumbar vertebrae and s o ft tissue, (B) fourth and 
f i f t h  lumbar vertebrae and s o ft  t issue, (C) sacral and coccygeal areas, 
(D,E) l e f t  and r ig h t  f lank  areas, and (F,G) l e f t  and r ig h t  gluteal areas 
(B iering-Sorensen, 1983).
The group o f  persons (£  = 3) w ith  g lu teal pain or pain rad ia ting  to 
the g luteal region (areas F and G) had a s ig n if ic a n t ly  lower mean score 
than the group w ithout [Jt(25) = -1.99, £  = .03]. The group of persons 
w ith  low lumbar, paraspinal pain (area B or C) during e ith e r  the la s t
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month or la s t  6 months had a mean BST score which was not s ig n if ic a n t ly  
d if fe r e n t  from the group without such pain.
Table 10. Mean Back Strength Test Scores o f Subjects According to 
History o f S ite  o f Low Back Pain.
H istory o f  
low back pain n  M value 2.
(Fourth and
Lower lumbar, paraspinal pain
f i f t h  lumbar and/or sacral and coccygeal)
During la s t  month
Present 
Not present
2 14.5 
28 11.6
1.0
5.8
0.71 .24
During la s t  6 months
Present 
Not present
3 13.1 
27 11.6
2.6
5.9
0.12 .34
Gluteal pain
During la s t  month
Present 
Not present
3 5 .9  
27 12.4
0.9
5.5
-1 .9 9 .03
During la s t  6 months
Present 
Not present
3 5.9  
27 12.4
0.9
5.5
-1 .99 .03
As emphasized e a r l ie r ,  the small number of subjects reporting low 
back pain in the study requires th a t the data be interpreted with
37
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
caution. The v a l id i t y  of the BST is supported by the tendency fo r  
persons w ith  low back pain to score lower on the te s t ,  since th is  is 
compatible w ith  reports in the l i t e r a tu r e  o f lower strength scores among 
persons w ith  low back problems (Thorstensson & Arvidson, 1982).
Nachemson and Lindh (1969) held th at such weakness was an e f fe c t  of the 
duration o f incapacitation  ra ther than a cause of low back problems, 
find ing  no weakness in persons incapacitated less than a month, while  
other authors have noted a h is tory  o f surgery or sc ia tica  to influence  
isom etric  strength in f le x io n  (McNeill e t  a l . ,  1980). The influence of 
duration of episode was d iscern ib le  in the BST scores.
The element o f s ites  o f low back pain having varying e ffec ts  on 
strength upheld the v a l id i t y  of the BST. The a b i l i t y  o f the low back to 
exert torque in a posterior d irec tio n  may be affected d i f fe re n t ly  when 
pain is located in d i f fe re n t  areas.
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Summary, C onclusions, and Recommendations
Summary
This study reviewed the importance o f the a b i l i t y  o f the low back 
to exert torque in a posterior d irec tio n . Tests o f trunk strength  
cu rren tly  in use to measure torque in  f lex io n  and extension of the upper 
body involve the thorax and the large muscles o f flex ion  and extension. 
Tests o f more sp e c if ic  motions have been found useful in identify ing  
strength d e f ic i ts  among low back pain patients.
The Back Strength Test was developed to measure the strength of 
f la t te n in g  o f the lumbar spine during pelv ic  t i l t  while standing. The 
te s t  did not involve thoracic movement. I t  measured the posteriorly  
exerted torque in the lumbar area w ith  the thorax held stationary. The 
components o f  trunk strength end spinal in te g r i ty  involved in exerting  
torque in the lumbar area in a posterior d irection  during the posterior  
pelvic  t i l t  were discussed.
Following tes ting  of 30 male volunteers who performed f iv e  t r i a ls  
of the BST, the r e l i a b i l i t y  and v a l id i t y  o f the te s t  were investigated. 
Calculation o f the Treatment by Subjects analysis of variance found the 
diffe rence among subjects to be s ig n if ic a n t  [£(29, 120) = 52.37,
£  = .0001]. Day-to-day r e l i a b i l i t y  o f a subsample (in = 4) indicated  
th a t BST scores were r e l ia b le  (Spearman Rho rank order c o e ff ic ie n t  = .80 
to 1.00). An in te r te s te r  r e l i a b i l i t y  study using three testers (N = 5) 
found Kendall's c o e ff ic ie n t  o f concordance to ind icate good r e l i a b i l i t y  
(W = .83 to .97). S e n s it iv i ty  o f  the te s t  was adequate to d if fe re n t ia te
39
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
c l in ic a l  progress fo r  ind iv idual patients.
C r ite r io n  v a l id i t y  of the te s t  was supported by the comparison of 
torque values generated during the BST w ith  those reported during 
another te s t  o f trunk strength (Thorstensson & Arvidson, 1982). The 
construct v a l id i t y  of the te s t  was supported by i ts  a b i l i t y  to 
d if fe r e n t ia te  subjects according to lumbar spinal m ob ility  and according 
to h is tory  of low back pain. The te s t  was concluded to be re l ia b le  and 
su itab le  fo r  c l in ic a l  use in  tes ting  persons recovering from low back 
problems.
Conclusions
The resu lts  o f th is  study warrant the following conclusions:
1. This testing  protocol fo r  isom etric  strength of f la t te n in g  of 
the lumbar curve during posterior pe lv ic  t i l t  produces stable same-day, 
same-tester t r i a ls  fo r  ind iv idua ls , which d i f fe re n t ia te  among subjects. 
I t  appears to be r e l ia b le  in the day-to-day and in te r te s te r  studies.
2. The amount o f torque generated by th is  protocol compares 
appropriately w ith  th at produced during a te s t  o f isometric strength o f  
spinal f le x io n  which involved the thoracic spine.
3. Subjects' age, height, or weight, and apparatus factors do not 
system atica lly  determine performance on the tes t.
Recommendations
Based on the resu lts  o f th is  study, the fo llow ing recommendations 
are proposed:
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1. The te s t  is  recommended fo r  c l in ic a l  use in monitoring recovery 
of persons w ith  low back in ju r ie s  and fo r  research use in iden tify ing  
p red ic tive  factors fo r  low back in ju ry .
2. Persons should be screened fo r  cardiovascular conditions which 
may be affected  by maximum isom etric strength e ffo rts . Avoidance of the 
Valsalva maneuver by careful tra in in g  in proper breathing techniques is 
necessary.
3. Development of tes ting  equipment which can expedite fu rther  
tes ting  of th is  aspect of back strength is  warranted.
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Appendix A. Informed Consent
The test for Isometric strength of the low back is a reasonably safe test. The 
procedure involves identifying bones of the spine, an interview relating any 
history of low back trouble, and bending. The test involves the creation of 
tension in the muscles of the abdomen, back, hips, and legs, while braced in a 
standing position. The research involves measuring the amount of isometric 
tension developed by the low back.
There exists the possibility of certain changes occurring during the testing. 
Exertion of maximum isometric strength of the muscles of the abdomen, back, 
hips, and legs can produce muscle fatigue and muscle spasm. Abnormal blood 
pressure or heart rate response may occur. I f  any condition of the abdomen, 
back, hips, or legs or of the circulatory system such as high blood pressure is 
presently under treatment by a physician, please consult with your physician i f  
you have any concerns about the demands of the test.
Benefits of the test include learning how to create isometric tension in the low 
back. I f  you decline to participate, the information w ill be made available to 
you i f  desired.
Participants are free to ask questions concerning all aspects of this test at 
any time.
Participation in the test is voluntary. The participant is free to withdraw 
consent and discontinue participation at any time. Should the participant 
experience pain during the test, the participant should inform the tester and 
may wish to withdraw from the test.
"In the event physical injury results from biomedical or behavioral research, 
the human subject should individually seek appropriate medical treatment and 
shall be entitled to reimbursement or compensation consistent with the self 
insurance program for Comprehensive General L ia b il ity  established by the 
Department of Administration under authority of MCA T it le  2, Chapter 9 or by 
satisfaction of the claim or judgement by the means provided by MCA, Section 2- 
9-315. In the event of a claim for such physical injury further information may 
be obtained from the University Legal Counsel."
I have read the preceding and certify  that I am physically f i t  for the test of 
isometric strength of the low back. I fu l ly  know, understand, and appreciate 
the risks inherent in this test.
I agree to hold Community Hospital harmless for any injury I may incur as a 
result of participation in this study.
(Signature) (age) (date)
(Witness)
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Appendix B. S ta n d a rd iz a tio n  o f  P o s itio n  Angle
In order to standardize the angle of the lever arm which is placed
a t  L4L5 w ith  the fulcrum a t the greater trochanter, the Position Angle
channel o f the Dual Channel Recorder o f  the Cybex I I  w i l l  be used.
1. Balance the arm, w ith  accessories described in the Testing Procedure 
section, in a v e rt ic a l  position, w ith  the torque at 6D°/sec to 
id e n t i fy  the position of the stylus when the lever arm is v e r t ic a l .
2. Place the torque a t 0°/sec .
3. Test the Position Angle channel c a l ib ra t io n .
4. Choose the 150® Position Angle degree scale.
5. Adjust the stylus so th at i t  is  a t  a placement on the fourth major
d iv is ion  l in e  above the zero te s t  c a lib ra t io n  l in e ,  using the 
goniometer gear d ia l .  This w i l l  be considered the "Standard 
Position" o f the stylus.
6. Id e n t ify  whether the lever arm w i l l  be pressed clockwise (CW) or 
counterclockwise (CCW) by the isom etric  force of the Maximum 
Voluntary Contraction (MVC). When the Cybex is positioned on the 
r ig h t  o f the subject, th is  w i l l  be CW. Set the Input Direction to 
CW.
7. Place the subject in position w ith  the greater trochanter (GT) a t
the fulcrum of the lever arm, in the testing  position.
8. Adjust the length o f the lever arm to be the distance from the GT to
L4L5 of the subject's back. Set the torque a t  60®/sec and move the 
lever arm so th a t the bar presses against the lower back at L4L5. 
Lock the isom etric position by se tting  the torque at 0®/sec.
ever
The Position Angle stylus on the Dual Channel Recorder w i l l  be 
deflected away from the Standard Position (obtained when the 
arm is  v e r t ic a l ,  i .e . ,  a t  the fourth  major d iv is ion on the scale). 
This d e flec tio n  w i l l  be the angle o f the lever arm away from the 
v e rt ic a l  (see Figure 3). Each subject w i l l  have a p art ic u la r  
deflec tion  angle established during the f i r s t  tes t  which w i l l  be 
used fo r  a l l  subsequent tests and which w i l l  standardize the test  
position fo r  each subject.
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Appendix C. S tan d ard ized  In s tru c t io n s  to  Subjects
For the Test o f Maximum Isometric Strength of Flattening  
o f the Lumbar Curve During Posterior Pelvic T i l t :
Back Strength Test (BST)
[In s tru c tio n s  were given by the te s te r  to the subject, who was standing
in natural posture.]
1. This is a te s t  o f the strength o f the low back. The strength that
is  being tested is  the a b i l i t y  o f  the muscles o f the back, legs,
abdomen, and hips to force the low back backwards.
2. During th is  te s t ,  the hollow of the low back becomes fla ttened . The
fro n t  o f the hips t i l t s  upward. The back o f the hips rocks down and
back.
3. I w i l l  demonstrate the motion w ith  my hands on my hips [hands placed 
on the a n te r io r -  and posterior-superior i l i a c  spines] so you can see 
the rocking o f the pelv is  backwards.
4. Try the motion w ith  your hands on your hips. I w i l l  place my hand
on the small o f your low back to show you how i t  f la t te n s . Try i t
in a relaxed way u n t i l  you can do i t  three times in a row.
5. Your chest w i l l  be held up and stable [demonstrate the thorax held
up and stable as pelv is  t i l t s ] .  You w i l l  be required to keep your
back upright. Your hips w i l l  stay against the lower dowling. Your 
fe e t  w i l l  need to stay f l a t  on the f lo o r .  I f  the form is not 
usable, the t r i a l  w i l l  be repeated.
6. During the te s t ,  the strength o f th is  motion w i l l  be tested. We 
w i l l  tes t how much force you can exert or put against the bar a t the 
small of your back. This is an "isometric" tes t. This means you 
w i l l  not be able to move the bar but w i l l  put pressure on the bar 
without moving i t .  Put your maximum e f f o r t  into  each t r i a l .  Do not 
hold your breath.
7. Remember, i f  you experience pain or wish fo r  any reason to stop the 
te s t ,  l e t  me know immediately. The te s t  is  completely voluntary and 
you are welcome to ask any questions or to stop at any time.
8. Remember to put your maximum e f f o r t  in to  each t r i a l .  There w i l l  be 
a 6 0 -second re s t between t r i a ls .
[The subject was then placed in the te s t  p o s it io n .]
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Appendix D. R e te s t Protocol
[ In s tru c tio n s  given by the author to the physical therapists being 
tra ined in the adm in istration  o f the Back Strength Test (BST)]
1. Duplicate the spinal curve from the tracing w ith  the arch itec t's  
f le x ib le  ru le r . Transfer the spinal s ites  to the f le x ib le  ru le r  
w ith  a pencil.
2. Note the recorded distance from the h a ir l in e  to C7. S ituate the 
f le x ib le  ru le r  w ith  C7 a t  th a t  point on the subject's spine. 
Transfer the spinal s ites  to the back with a water-soluble pen.
The s ite s  include C7, T6, L4L5, 10 cm above L5S1, and 5 cm below 
L5S1.
3. Using the short input adapter and the shoulder testing accessory, 
adjust the shoulder tes ting  accessory so that the long arm is  
v e r t ic a l .  Place the Cybex so th a t the face is away from the chair.
4. Set the Input D irection to CW and the Position Angle degree scale 
to 150°. The torque se tting  w i l l  be a t 30 f t - l b  [40.7 N-m] and 
Damping a t 2.
5. While the tes ting  arm is v e r t ic a l ,  adjust the stylus so th at i t  is 
a t  a placement on the fourth  major d iv is ion  l in e  above the zero 
te s t  c a lib ra t io n  l in e ,  using the goniometer gear d ia l.  This w i l l  
be considered the "Standard Position" of the stylus.
6. Turn the tes ting  arm so th a t i t  duplicates the deflection  angle on 
the subject's record. Adjust the height of the Cybex so that i t  
duplicates the height on the tes ting  record.
7. Adjust the dowel braces w ith  the subject standing with heels 3-4 
inches from the back board. The top dowel should be behind the 
thorax a t a level o f T6, as marked e a r l ie r ,  and the bottom brace 
should be behind the mark a t  5 cm below L5S1.
8. Position the back board so th a t the subject can be comfortably 
aligned, w ith  the tes ting  bar behind the low back and with the 
thorax and pe lv is  braced on the dowels. The length of the shoulder 
testing  accessory w i l l  be placed a t the length used in the f i r s t  
te s t .
9. In s tru c t the subject according to the Standardized Instructions to 
Subjects in Appendix C.
10. Explain to the subject th a t during the f i r s t  three t r i a ls ,  he w i l l  
be observing the pen as i t  records the increasing pressure he is 
applying to the bar behind the low back. During the fourth and
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f i f t h  t r i a l s ,  he w i l l  not be able to watch the pen, but w i l l  need 
to re ly  on his knowledge o f how to do the exercise.
11. During each t r i a l ,  the tes te r  must observe that the subject's
shoulders are not pu lling  away from the thoracic dowel brace and 
th a t the heels are remaining f l a t  on the f lo o r . Any t r i a ls  th a t  
do not use the necessary form w i l l  not be included in the t r i a ls  
but w i l l  be substituted w ith  a la te r  t r i a l  using the proper form. 
The replacement t r i a l  w i l l  involve the same procedure as the one i t  
replaces (e ith e r  watching the stylus or not, as appropriate).
12. Place the subject in the te s t  position. Support the upper body
w ith  a b e lt  around the chest and arms at a level of 16 (see Figure 
2). With the fe e t  shoulder-width apart and 3-4 inches away from 
the back board, place a b e lt  around the fro n t  of the shins, ju s t  
below the knees.
13. Between t r i a l s ,  re l ie v e  the torque in the Cybex, w ith  the subject 
in  the te s t  position but relaxed, by setting  the torque b r ie f ly  to 
60"̂  per second, then returning the torque to 0° per second.
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Table E-2. Main Back Strength Test Study (Same-Day, Same-Tester Study) Individual Data (N = 30, Scores in ft - lb ) .
-C»
CO
Sub­
je c t
Trial M of tr ia ls M o f
tr ia ls
1-5
Sub­
ject
Trial M of tr ia ls SO of  
t n a l s  
1-51 2 3 4 5 1-3 4-5 1-5 1 2 3 4 5 1-3 4-5 1-5
1 15 17 21 15 16 17,7 15.5 16.8 2.49 16 14 15 15 15 14 14.7 14.5 14.6 0.55
2 20 21 20 22 23 20.3 22.5 21.2 1.30 17 9 5 7 7 6 7.0 6.5 6.8 1.48
3 4 4 5 9 8 4.3 8.5 6.0 2.35 18 3 3 3 4 1 3.0 2.5 2.8 1.10
4 8 9 8 9 10 8.3 9.5 8.8 0.84 19 19 23 24 24 26 22.0 25.0 23.2 2.59
5 18 20 23 23 21 20.3 22.0 21.0 2.12 20 4 5 7 1 1 5.3 1.0 3.6 2.61
6 9 10 11 11 14 10.0 12.5 11.0 1.87 21 8 9 9 8 9 8.7 8.5 8.6 0.55
7 19 17 17 18 17 17.7 17.5 17.6 0.89 22 4 3 4 4 4 3.7 4.0 3.8 0.45
8 13 15 15 17 17 14.3 17.0 15.4 1.67 23 9 9 11 11 12 9.7 11.5 10.4 1.34
9 16 11 14 17 18 13.7 17.5 15.2 2.77 24 6 3 5 4 6 4.6 5.0 4.8 1.30
10 10 10 7 7 9 9.0 8.0 8.6 1.52 25 9 14 14 14 13 12.3 11.5 12.8 2.17
11 13 13 12 11 13 12.7 12.0 12.4 0.89 26 7 5 5 7 7 5.7 7.0 6.2 1.10
12 8 11 9 12 11 9.3 11.4 10.2 1.64 27 8 7 9 9 9 8.0 9.0 8.4 0.89
13 14 15 18 19 13 15.7 16.0 15.8 2.59 28 20 16 15 14 12 17.0 13.0 15.4 2.97
14 16 18 16 18 19 16.7 18.5 17.4 1.34 29 14 17 15 14 14 15.3 14.0 14.8 1.30
15 19 16 16 15 13 17.0 14.0 15.8 2.17 30 5 5 5 4 6 5.0 5.0 5.0 0.71
Tab le  E -3 . D ay-to -D ay R e l i a b i l i t y  Study In d iv id u a l Data (N = 4 )
T r ia l
Subject
A
Day
B
Day
C
Day
D
Day
1 2 1 2 1 2 1 2
1 20® 14 8 9 7 4 9 18
2 16 13 7 10 5 4 14 17
3 15 12 9 9 5 4 14 15
4 14 15 9 11 7 5 14 19
5 10 15 9 9 7 5 13 15
3 f t - lb .
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Tab le  E -4 . In t e r te s t e r  R e l i a b i l i t y  Study In d iv id u a l Scores.
Subject
3 f t - lb .
Tester T r ia l  A B
1 25® 14 11 2 9
2 27 9 12 3 11
3 24 12 12 3 13
4 22 12 11 4 12
5 25 13 14 3 12
1 19 8
2 21 14
3 23 17
4 17 17
5 15 17
1 22 16 13 4 15
2 25 15 14 5 13
3 23 16 14 5 14
4 28 16 16 6 15
5 27 18 16 4 13
1 13 3 13
2 12 4 12
3 13 5 13
4 14 4 13
5 11 5 14
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